Description

Of Inflatable Collector
In Fig. 1, a A reflective coating on the inner lenticular CP-1 film provides the means of collecting radio waves or solar energy.
The tapered composite struts for the prototype structure were formed by layering of a resin impregnated fabric, and have solid cross-sections varying from 20 cm diameter at the fixed ends to 10 cm diameter at the torus attach points. All three struts extend from the torus at 45 deg and toward a point 2.56 m from the torus/lenticular midplane. It is noted that for spaceflight configurations, the struts would likely be inflatable/rigidizable with hollow cross-sections.
Following inflation and deployment in space, the struts would harden upon exposure to sunlight or another rigidizing agent. In the configuration of Fig. 1 , the support struts are attached to a composite circular base plate.
Inflatable structures in general are extremely lightweight and the collector described in this paper is no exeepti0n. The thin-film inflatable part of the concentrator (in the deflated \ condition) has a mass of approximately 3.4 kg, and the total mass including the struts is on the order of 9.1 kg.
Test Configuration and Results
For modal testing, the inflatable structure with supporting struts was mounted on a stand ( Fig. 1) by means of the circular base plate described in the previous section.
The stand is a tress structure of composite beams anchored with three large metal plates resting on a concrete floor.
The heavy metal plates were required due to the impossibility of bolting the stand directly to the floor.
Due to high flexibility of the polyimide film at any location on the inflated part of the collector, and based on previous experience, it was decided to utilize shaker excitation at a location on one of the struts (Fig. 1 shape can be seen in Fig. 3 , and is clearly characterized by side-to-side flexing of the struts.
Modefing
Approach and Results
The finite element modeling technique involved two main steps: 1) nonlinear static analysis, in which the internal pressure loading was applied to the lenticular and torus elements, and 2) modal analysis utilizing the results of step 1. Such a procedure is needed to account for the internal pressure effects on the material stiffness. composite struts and the composite support stand was done using beam elements. Figure 4 shows the finite element model for the antenna assembly. The ratios of film thickness to overall geometric dimensions such as torus cross-sectional diameter, toms major diameter, and lenticular diameter, appear to be the critical parameters in the nonlinear pressurization analysis.
It was discovered that the model had to be constrained at a large number of points on the film surface to obtain convergence of the pressurization solutions. The locations were determined by trial-and-error. These points were then released in the modal "restart" of NASTRAN, the second step in the analysis procedure. A comparisonbetweenexperimental andmodel frequencydatacanbe found in Table1.
The first modeof the integratedmodel occurredat 1.45Hz (Fig. 3) , andthe modeshapewas characterized by side-to-sideflexing of the compositestrutswith the inflatable components moving rigidly with the struts. This type behaviorwas alsoobservedin testing,andthe fundamental testandanalyticalmodescomparevery well, as seenin Fig. 3 .
A finite elementmodelof the five-metertorus with entrainedlenticularwasmodified (reduceddegreesof freedomin the torus-to-lenticularattachments) andre-analyzedin NE/NASTRAN. In this analysis, the supportstandandstrutswerenot included in the modelto allow a focuson the critical aspectsof themodelingprocess.However,the toruswas restrained atthe strutconnectpointsfor realism. Thepressureload andboundaryconditionsused previouslywereretained,andbothlinear andnonlinearpreloadmodalanalyseswereperformed. 
